The existence of an SU(3)× SU(2) L × SU(2) R × U(1) gauge symmetry with g L = g R at the TeV energy scale is shown to be consistent with supersymmetric SO(10) grand unification at around 10 16 GeV if certain new particles are assumed. The additional imposition of a discrete Z 2 symmetry leads to a generalized definition of R parity as well as highly suppressed Majorana neutrino masses. Another model based on SO(10) × SO(10) is also discussed.
Possible unification of the three gauge couplings of the standard SU(3) C ×SU(2) L ×U(1) Y model of quark and lepton interactions in its minimal supersymmetric extension has revived widespread interest in this topic. [1] The success of such a scenario seems to imply that no new physics beyond the minimal supersymmetric standard model (MSSM) would be observed below an energy scale of a few TeV. In particular, the left-right gauge extension appears to be excluded, except for one very special case, [2] but even then, the condition g L = g R cannot be maintained. [3] If g L = g R is desired, the scale M R of SU(2) R symmetry breaking obtained in previous studies [4] is typically of the order 10 10 GeV. The purpose of this paper is to show in an explicit first example that it is actually possible to have supersymmetric SO (10) grand unification at around 10 16 GeV as well as an SU(3) × SU(2) L × SU(2) R × U(1) gauge symmetry with g L = g R at the TeV energy scale. New particles will be assumed together with a discrete Z 2 symmetry, resulting in a generalized definition of R parity together with highly suppressed Majorana neutrino masses. Another model based on SO(10) × SO (10) will also be discussed.
Consider a supersymmetric SO(10) model which breaks down at the unification scale that with a left-right model, there should be two scalar bidoublets in order that realistic quark and lepton mass matrices be obtained. Hence there are four SU(2) L doublets which will change the evolution of the SU(2) L coupling g L but not that of the SU(3) coupling g S , leading to the loss of unification of the gauge couplings. In the MSSM, this corresponds to the well-known fact that unification occurs with two, but not four, Higgs doublets. Note also that this problem exists whether or not g L = g R unless M R = M U . Consequently, new particles are necessary to offset the effect of the extra bidoublet if SU(2) R is to be a gauge symmetry already above a few TeV.
Consider now the evolution of the gauge couplings to one-loop order. Generically,
where α i ≡ g 2 i /4π and b i are constants determined by the particle content contributing to α i . The initial conditions are set at M Z = 91.187 ± 0.007 GeV [5] by the experimental values [7] and α S = 0.120 ± 0.006 ± 0.002. [8] Hence
and
At M R , the matching conditions of the gauge couplings are
where α X refers to the U(1) gauge coupling of the left-right symmetry. Above M R , α L and α R will evolve together identically.
The particle content of this model is as follows. There are three copies of the 16 representation of SO(10) consisting of the usual quarks and leptons. Their transformations under
There are two bidoublets
which are necessary for realistic quark and lepton mass matrices as already mentioned, and one set of SU(2) L and SU(2) R doublets and their charge-conjugate partners
so that SU(2) R may be broken independently of SU(2) L . Added to this minimal collection are two copies each of
as well as three copies of
As shown below, this choice will allow M R to be a few TeV with M U of the order 10 16 GeV.
In the one-loop approximation, below M R ,
whereas above M R ,
where n 22 = 2, n H = 1, n D = 2, n E = 2, and the factor 3/2 for b X comes from the normalization of the U(1) X coupling within SO (10) . Assuming that α
Hence M R < 480 GeV and M U > 1.1 × 10 16 GeV. The upper bound of M U is 1.9 × 10 16 GeV,
The allowed parameter space opens up more in two loops. Using [9] b ij = 
numerically with the proper boundary conditions at M U :
it is found that
As an example, Fig. 1 Although Φ L and L transform identically and neither have any vacuum expectation value, the gauge-invariant mass term Φ L Φ c L can be used to define Φ L , after which there is of course still an allowed Φ L L c Φ 12 term, but the L − Φ L mixing will be highly suppressed. [10] Consider now the neutrino sector. Ignoring the small mixing with the neutral spinor components of Φ L and Φ c L , the mass matrix spanning ν, ν c , and N is of the form Solving Eq. (1) for M R and M U , it is easily seen that M U is again given by Eq. (22) whereas The quarks and leptons within the three 16's or the 16* acquire masses through their couplings with the bidoublets, but the 16's do not mix with the 16* because of the assumed discrete Z 2 symmetry. However, they do interact with the three singlet N's. Hence an exotic q ′ in the 16* will decay into its corresponding q in the 16 and a virtual scalar N which then turns into a neutrino and a neutralino which has a Φ c L component or a charged lepton and a chargino if kinematically allowed. This differs from the usual models of mirror fermions, [12] i.e. fermions belonging to the 16*, where they are routinely assumed to mix with the ordinary ones.
In conclusion, it has been shown that it is possible to have an 
